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ABSTRACT
Background: Enzootic bovine leukosis (EBL) is a viral and lymphoproliferative disease that attributes negative economic 
impacts to dairy farming. The immunosuppressive condition of these bovines favors the development of bacterial dis-
eases such as tuberculosis, brucellosis, and bovine leptospirosis, which implications to the public health given that they 
are zoonosis. Diagnosis and control of EBL are neglected in cattle rearing, allowing their dissemination, especially in 
developing countries. In this sense, the objective of this study was to analyze the risk factors of EBL in dairy cattle from 
the Brazilian Amazon.
Materials, Methods & Results: In order to identify the BLV-infected animals (527 serological samples), we used the 
agarose gel immunodiffusion serological test (IDGA) to diagnose the EBL and characterize the risk factors through the 
application of epidemiological questionnaires. We used the logistic regression test to evaluate the existence of a significant 
association between the variables. The EBL frequency in the study area was 14.42%. We detected seroreagent bovines in 
all municipalities evaluated with 95% of the properties showing outbreaks of the disease. The reuse of needles was the 
risk factor with the most significant statistical association (P < 0.01; OR = 2.16).
Discussion: The origin of EBL in the Brazilian Amazon is probably related to the expansion of dairy cattle in the 1980s, 
which, at first, demanded the importation of cattle for the fast formation of the herds, without complying with the sanitary 
criteria of animal commercialization. The frequency of EBL in the Rio Branco microregion is below the estimated national 
average, as well as the regional level. The reduced influx of animals due to the geographical situation of Acre, since it 
is an area of greater physical isolation due to forest and river barriers, may influence the observed frequency. Different 
environmental conditions, herd size, cattle management, genetics and particularities of the diagnostic techniques should 
also be considered. The Rio Branco microregion can currently be considered as an area of medium frequency for BLV 
infection, a situation that ranges from 11 to 30% in the occurrence rate. When compared to herds with low infection fre-
quency (<10%), the elimination of seroreagent animals and their respective outbreaks become more expensive in areas of 
medium or high frequency. As for the number of outbreaks detected, the finding reflects the degree of negligence regarding 
the prophylactic measures of EBL since it is a silent propagation disease, as well as the implications for the absence of 
official control and eradication programs in Brazil. According to the final logistic regression model, the reuse of needles 
for vaccinations, deworming, and for applying other drugs in different animals was the risk factor of greater association in 
the region, explaining the widespread occurrence of EBL in the studied farms. In Canadian herds, this practice also was 
associated with an increase in clinical cases. It is known that only 0.1 mL of blood is necessary as a minimal infectious 
dose of BLV. However, despite the relevance of this variable, it is little studied in epidemiological surveys, and this practice 
continues to be repeated in cattle. In conclusion, the wide dissemination of EBL in the dairy herds of the region is related 
to the practice of reusing needles and its relevance in the iatrogenic transmission of the disease.
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INTRODUCTION
Enzootic bovine leukosis (EBL) is an infec-
tious and chronic disease of great relevance to livestock 
production [18], caused by an oncogenic retrovirus 
denominated bovine leukosis virus (BLV) [10,32]. 
The transmission occurs through the hematogenous 
pathway and is associated to flaws in hygienic-
sanitary management of livestock, especially in an 
iatrogenic form, through the bite of hematophagous 
insect, or still by ingestion of fresh milk by neonates 
[16,17,24,27,30,34]. The World Organization for 
Animal Health recommends the mandatory notifica-
tion of this disease and the slaughter of all infected 
animals [28].
The BLV is a B-lymphotropic microorganism 
that induces the formation of lymphosarcoma in ap-
proximately 2% of the infected cattle [25]. One-third 
of the animals may still manifest leukocytosis through 
the persistent lymphocytosis due to the disordered 
proliferation of B lymphocytes which become non-
functional [3,8,25]. The immunosuppressive condition 
of these bovines favors the development of several 
bacterioses such as tuberculosis, brucellosis, and bo-
vine leptospirosis [20,11], which attribute direct and 
indirect losses to herds, as well as implications to the 
public health given that they are zoonosis [29].
 Diagnosis and control of EBL are neglected, 
allowing their dissemination, especially in developing 
countries [32,40]. In the Brazilian Amazon, preva-
lences ranging from 8.9% [6] to 49.8% [23]. However, 
the description of the epidemiological characteristics 
relevant to the transmission of EBL and its impacts on 
the herds it is not clarified. In this sense, the objective 
of this study was to analyze the risk factors of EBL in 
dairy cattle of the region.  
MATERIALS AND METHODS
Location of the study
The state of the Acre is in the northwestern part 
of the country, in the southwest of the Amazon, has ap-
proximately 816,687 inhabitants, an area of 164,221.36 
km2, and shares borders with Amazonas and Rondônia 
and international borders with Bolivia and Peru. The 
climate is equatorial, with temperatures ranging from 
25 to 32°C and vegetation characteristic of the Ama-
zon rainforest. The state is geographically divided in 
the mesoregion of the Juruá Valley, composed of the 
microregions of Cruzeiro do Sul and Tarauacá, and 
the mesoregion of the Acre Valley, composed of the 
microregions of Rio Branco, Sena Madureira, and 
Brasiléia [2].
According to estimates by the Instituto 
Brasileiro de Geografia e Estatística, there are 
2,916,207 cattle in the state, 82,070 of which apt for 
dairy farming. The Rio Branco microregion (Figure 
1), with 58.4% of this population, is the largest dairy 
production region in the state and the most populated, 
and was, thus, selected for the study. This microregion 
is formed by the municipalities of Rio Branco, the 
state capital, Acrelândia, Bujari, Capixaba, Plácido 
de Castro, Porto Acre, and Senador Guiomard [12].
Figure 1. Geographical situation of the Rio Branco microregion, Acre, 
Brazilian Amazon.
Sampling
The sample population consisted of female and 
male dairy cattle, with ages over 24 months, reared under 
intensive or semi-intensive systems in the Rio Branco 
microregion, state of Acre, in the Brazilian Amazon. 
We selected the animals and their respective properties 
by non-probabilistic convenience. The sample size was 
established according to the criteria for detailed epide-
miological surveys. We estimated a prevalence of 10% 
[1], with a 95% interval of confidence and a statistical 
error of 5%, requiring at least 361 animals for the study 
[7]. However, it was possible to analyze 527 samples 
(513 females and 14 males), from 20 farms, of which 
we selected an average of 25 cattle per establishment.
Serological diagnosis
To identify the BLV-infected animals, we 
used the agarose gel immunodiffusion serological test 
(IDGA) to detect anti-BLV antibodies according to the 
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protocol developed by Miller & Van Der Maaten [21], 
also recommended by the OIE [28]. For this technique, 
we used the glycoprotein 51 (gp51)1 as an antigen, 
licensed by the Ministério da Agricultura, Pecuária 
e Abastecimento (MAPA) under no. 7916/2001. The 
processing was performed in the Universidade Federal 
Rural de Pernambuco (UFRPE), Recife, Brazil.
Risk factors
To characterize the risk factors, we applied 
an epidemiological questionnaire with producers to 
obtain information on the structural characteristics of 
the facilities and the sanitary and reproductive man-
agement practices employed, totalizing 30 objective 
questions [24,28,37].
Statistical analysis
We submitted the results of the serological 
test per animal (dependent variable) and the risk fac-
tors evaluated (independent variables) to a bivariate 
exploratory analysis using Fisher’s Exact method. As 
a working hypothesis (H1), we considered the exis-
tence of a significant association between variables at a 
significance level of 5%. In this situation, we rejected 
the null hypothesis (H0), for which there would be no 
association. The values were described in p-value, odds 
ratio, the interval of confidence, and standard estimate 
error [7].
We applied the multiple logistic regression 
test for statistical modeling [7]. The final model was 
built by a gradual approach, observing the change in 
the Akaike information criterion (AIC) of each model, 
obtained with the minimum AIC and P <0.05, accord-
ing to the formula: Logit (p) = α + β0 + β1X1 + β2X2 
+ ... + βnXn + e, where p is the dependent variable 
(seropositivity); α is the intercept; β0 is the constant; βi 
is the coefficient of regression; Xi are the independent 
variables (risk factors); and e is the error [37]. The 
analyses were performed using the R software (The R 
Foundation for Statistical Computing, New Zealand).
RESULTS
The EBL frequency in the Rio Branco mi-
croregion was 14.42% (76/527). Most of the positive 
animals were females (97.4% - 74/76). We detected 
seroreagent cattle in all seven municipalities of the 
study area, and 95% (19/20) of the properties were 
considered as an outbreak location. The infection rate 
in the municipalities and the individual farms ranged 
from 10 to 20.8% and 6.9 to 35%, respectively. 
According to the bivariate analysis of risk factors, 
there was a significant association (P < 0.05) for certain 
variables (Table 1). The reuse of needles, the presence of 
ectoparasites on the properties, reuse of palpation gloves, 
and absence of disinfection of perforating devices or in-
struments increased in between 1.90 and 2.16 times the 
probability of BLV infection. Regarding the age group, 
the prevalence of EBL was statistically higher from four to 
six years of age. None of the sampled properties practiced 
the quarantine for newly acquired animals or conducted 
a serological test to diagnose the EBL.
However, the only variable selected to elabo-
rate the final statistical model through the logistic re-
gression test was the reuse of needles, which represents 
the lowest value of AIC and the maximum significant 
association (P < 0.01) to the BLV infection (Table 2).
Table 1. Risk factors associated with the enzootic bovine leukosis in the Rio Branco microregion, Acre, Brazilian Amazon.
Variable Cases/Exposed P value OR IC - 95% SE
Reuse of needles 50/262 (19.1%) 0.003a 2.16 1.3 - 3.6 0.56
Presence of ectoparasites 56/315 (17.8%) 0.008a 2.07 1.2 - 3.6 0.58
Reuse of palpation gloves 44/233 (18.9%) 0.010a 1.90 1.2 - 3.1 0.47
Absence of disinfection 45/240 (18.8%) 0.011b 1.90 1.2 - 3.1 0.48
Age range (4 to 6 years) 39/213 (18.3%) 0.026b 1.75 1.1 - 2.9 0.44
Age range (superior to 6 years) 02/05 (40%) 0.076 5.21 0.8 - 32.3 4.85
Rearing and confining system 35/200 (17.5%) 0.117 1.47 0.9 - 2.4 0.36
Slaughter at the property 11/61 (18%) 0.395 1.35 0.7 - 2.7 0.49
Inadequate facilities 62/415 (14.9%) 0.515 1.22 0.7 - 2.3 0.38
Acquisition of new cattle 48/320 (15%) 0.638 1.12 0.7 - 1.9 0.28
Reproduction through natural mounting 55/373 (14.7%) 0.742 1.00 0.5 - 1.6 0.25
aSignificant association at the level of 0.05; bSignificant association at the level of 0.01; OR= Odds ratio; IC - 95%= Interval of confi-
dence of 95%; SE= Standard estimation error.
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Table 2. Final model of the logistic regression for the risk factors associated to the enzootic bovine leukosis in the Rio Branco micro-
region, Acre, Brazilian Amazon.
Variable P value Z value SE
Intercept 1.28 -6.771 -2.99
Reuse of needles 0.00287a 2.982 0.77
aSignificant association at the level of 0.01; SE= Standard estimate error.
DISCUSSION
The origin of EBL in the Brazilian Amazon 
is probably related to the expansion of dairy cattle in 
the 1980s, which, at first, demanded the importation of 
cattle from the Midwest and Southeast of the country, 
for the fast formation of the herds, without complying 
with the sanitary criteria of animal commercialization. 
The acquisition of matrices and breeders from other 
states, such as Minas Gerais, Goiás, and São Paulo, 
places with high disease prevalence [5,13,33] may 
have favored the circulation of BLV to different ter-
ritories [9].
The frequency of EBL in the Rio Branco mi-
croregion (14.42%) is below the estimated national 
average (33.9%), as well as the regional level [31]. 
According to the latest epidemiological surveys of the 
northern states, seropositivity was 8.9% in Amazonas 
[6], 49.8% in Pará [23], 23% in Rondônia [22], and 
27.8% in Tocantins [13]. The reduced influx of animals 
due to the geographical situation of Acre, since it is 
an area of greater physical isolation due to forest and 
river barriers, may influence the observed frequency.
The variation of EBL seroprevalence among 
Brazilian states is due to the different environmental 
conditions, herd size, cattle management, and genet-
ics, as well as the particularities of the diagnostic 
techniques employed [14,24,37]. This scenario is also 
repeated in different countries [32] such as Mongolia 
[26], Iraq [14], China [39], and Japan [15,27], which 
reported varied prevalences of 3.9%, 7.75%, 18.3%, 
and 66.8%, respectively.
Growth in the occurrence of EBL occurs in 
relation to the study of Abreu et al. [1], who, when 
analyzing 1060 samples of bovine serum, determined 
a prevalence of 9.7% for the Acre state. According to 
the classification proposed by Shettigara et al. [38], the 
Rio Branco microregion can currently be considered 
as an area of medium frequency for BLV infection, a 
situation that ranges from 11 to 30% in the occurrence 
rate. When compared to herds with low infection fre-
quency (<10%), the elimination of seroreagent animals 
and their respective outbreaks become more expensive 
in areas of medium or high frequency [6].
Concerning the outbreaks, the percentage 
found (95% - 19/20) was similar to that obtained in 
Maranhão (98.9%) [36] and in Amazon region (100%) 
[6] but discretely superior to other Brazilian surveys, 
ranging from 60 to 85% [13,23]. This finding reflects 
the degree of negligence regarding the prophylactic 
measures of EBL since it is a silent propagation dis-
ease, as well as the implications for the absence of offi-
cial control and eradication programs in Brazil [28,35].
In a survey conducted in Acre state [1], the 
authors concluded that the importation of bovines 
from other states and confined rearing systems were 
the most favorable points to the dissemination of BLV 
in the Acre herds. However, in this study, there was 
no statistically significant difference for these char-
acteristics, demonstrating that the other risk factors 
related to hygienic-sanitary management, especially 
iatrogenic transmission through the hematogenous 
pathway, would nowadays be more important in EBL 
epidemiology.
According to the final logistic regression mod-
el, the reuse of needles for vaccinations, deworming, 
and for applying other drugs in different animals was 
the risk factor of greater association in the Rio Branco 
microregion (OR = 2.16, P < 0.01), explaining the 
widespread occurrence of EBL in the studied farms. 
In Canadian herds, this practice was associated with 
an increase in clinical cases [24]. It is known that only 
0.1 mL of blood is necessary as a minimal infectious 
dose of BLV. However, despite the relevance of this 
variable although this variable to spread the disease, 
it is little studied in epidemiological surveys, and this 
practice continues to be repeated in cattle [36].
The vector infestation (OR = 2.07, P < 0.01), 
favored by the inadequate management of manure, lack 
of parasitic control, and the Amazonian climate, allows 
the inoculation of infectious agents, such as BLV, dur-
ing blood repast [16,30,35]. Rectal palpation for the 
diagnosis of gestation without changing gloves (OR = 
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1.90; P < 0.01) is, in turn, a very common procedure 
in the farms, and allows the iatrogenic transmission of 
the virus through small excoriations in the rectum wall 
[24]. It can be stated that these variables should also be 
considered for controlling the EBL in Acre.
The occurrence of EBL is still related to the 
absence of disinfection of the facilities and fomites 
(OR = 1.90, P < 0.05), especially drilling and sharp 
utensils used for marking or surgical procedures, due 
to the hematogenous vehiculation of BLV [14,24,35].
Regarding the age group, the chance of infec-
tion increased between four and six years of age (OR 
= 1.75, P < 0.05), and is associated with the long 
period of viral incubation and the intensification of 
management (number of milking, rectal palpations, 
vaccinations, deworming, among others), which would 
increase the exposure to the agent [10,14,17,37].
The compulsory notification and sanitary 
slaughter of all seroreagent animals can eliminate EBL 
from one region [32]. In high and medium-frequency 
areas [38], as in the state of Acre, it is economically 
more feasible to phase out the diseased animals by 
separating the healthy and diseased animals in lots, 
perform individualized management and replacement 
with seronegative cattle, and conduct preventive actions 
based on the risk factors indicated in this study [18,27]. 
Under these conditions, the incidence and prevalence 
of EBL tend to reduce [19]. However, in Brazil, no 
government program encourages the diagnosis, control, 
and prophylaxis of the disease, which makes tracking 
and eradication difficult and creates an alarming epi-
demiological situation for the health of the herds and 
the country’s economy. 
CONCLUSION
The EBL is widely disseminated in dairy 
cattle from the Brazilian Amazon, and its occurrence 
is mainly related to the practice of reusing needles, a 
risk factor with extreme relevance in the iatrogenic 
transmission of BLV. This study serves as an alert to the 
health authorities for the implementation of diagnosis, 
control, and prophylaxis policies in livestock farms, 
to prevent spreading the virus throughout the region.
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